Introduction {#sec1_1}
============

Paget\'s disease of bone (PDB) is a benign disease characterized by accelerated turnover, that is, bone resorption and formation \[[@B1]\]. Modern treatment methods rely on bisphosphonates, which are powerful blockers of bone remodeling \[[@B1]\]. Radionuclide bone scintigraphy with technetium-99m (^99m^Tc) can evaluate osteoblastic activity, and is a widely used valuable technique for assessments of disease extent and treatment response to bisphosphonates in patients with PDB \[[@B1]\].

However, abnormal uptake in bone observed with planar bone scintigraphy cannot be easily and reliably quantified, and semiquantitative visual methods are not adequately sensitive to measure the actual response, even with images acquired using single photon emission computed tomography (SPECT). On the other hand, recent advances have resulted in integration of computed tomography (CT) for attenuation correction together with a sophisticated reconstruction technique, which has enabled quantitative measurements with SPECT/CT suitable for derivation of the standardized uptake value (SUV) \[[@B2], [@B3], [@B4]\]. It is considered that quantitative SPECT/CT may soon have an enormous effect as an imaging biomarker in the field of modern nuclear medicine and for clinical practice.

Here, we report on 2 cases of PDB in which quantitative values were determined with bone SPECT/CT measurements and found useful to evaluate treatment response to bisphosphonates.

Case Report {#sec1_2}
===========

Case 1 {#sec2_1}
------

A 62-year-old female came to our hospital with left hip pain, and the prior medical history included chronic renal failure, hypertension, hyperlipidemia, and hyperuricemia. CT imaging showed irregular cortical thickening and swelling of the left ilium with osteosclerosis and ground-glass opacity (Fig. [1a](#F1){ref-type="fig"}), while magnetic resonance imaging revealed heterogeneous hypointensity of the lesion in T1- and T2-weighted images (Fig. [1b--d](#F1){ref-type="fig"}). Additionally, ^99m^Tc-hydroxymethylene diphosphonate (HMDP) bone SPECT/CT showed focal and intense uptake by the bony lesion (Fig. [1e](#F1){ref-type="fig"}). Serum TRACP-5B and total alkaline phosphatase (ALP) before beginning bisphosphonate treatment were 780 mU/dL (reference range: 120--420) and 415 U/L (reference range: 44--147), respectively. The patient was diagnosed with PDB in the left ilium and began alendronate sodium hydrate therapy (35 mg, once every 2 weeks). After 1 year of treatment, TRACP-5B and ALP were decreased to 472 mU/dL (39.5% reduction) and 192 U/L (53.7% reduction), respectively, along with significant clinical improvement. A second ^99m^Tc-HMDP bone SPECT/CT examination revealed a decrease in focal uptake in the left ilium (Fig. [1e](#F1){ref-type="fig"}).

SPECT/CT scanning was performed using an integrated SPECT/CT system (Discovery NM/CT 670; GE Healthcare) equipped with a low-energy high-resolution collimator 3 h after intravenous injection of 440 MBq of ^99m^Tc-HMDP. The obtained data were analyzed using a commercially available software package (GI-BONE; Aze Co., Ltd., Tokyo, Japan), which presents various SUVs, including SUV~max~, SUV~peak~, and SUV~mean~, as well as metabolic bone volume (MBV) and total bone uptake (TBU) values. MBV was defined as tumor volume with uptake, while TBU was calculated as SUV~mean~ × MBV. Prior to treatment, SUV~max~, SUV~peak~, and SUV~mean~ were 48.6, 44.4, and 28.8, respectively, while the values for MBV and TBU were 132.7 mL and 3,820.6 g, respectively. Following bisphosphonate treatment (alendronate sodium hydrate), those parameters were decreased to 24.9, 23.7, 21.8, 17.3 mL, and 376.0 g, respectively, representing a reduction of 48.8, 46.6, 24.3, 87.0, and 90.2%, respectively (Fig. [1e](#F1){ref-type="fig"}).

Case 2 {#sec2_2}
------

A 55-year-old female was referred to our hospital by a local physician due to elevated serum ALP, and a past medical history of Basedow disease was noted. CT imaging showed swelling of the skull, while ^99m^Tc-HMDP bone SPECT/CT showed focal and intense uptake in the bony lesion (Fig. [2](#F2){ref-type="fig"}). Serum TRACP-5B and ALP before bisphosphonate treatment were 1,583 mU/dL and 762 U/L, respectively. The patient was diagnosed with PDB in the skull, and risedronate sodium hydrate (17.5 mg, once daily) was prescribed. After 1 year of treatment, TRACP-5B and ALP were decreased to 181 mU/dL (88.6% reduction) and 167 U/L (78.1% reduction), respectively. ^99m^Tc-HMDP bone SPECT/CT revealed decreased uptake in the bony lesion (Fig. [2](#F2){ref-type="fig"}). The SUV~max~, SUV~peak~, SUV~mean~, MBV, and TBU for the mass before risedronate sodium hydrate treatment were 7.48, 6.51, 4.00, 307.2 mL, and 1,229.1 g, respectively, while those after treatment were decreased slightly to 2.97, 2.68, 1.58, 342.4 mL, and 543.8 g, respectively, for reductions of 60.3, 58.8, 60.5, 11.8, and 55.8%, respectively (Fig. [2](#F2){ref-type="fig"}).

Discussion {#sec1_3}
==========

PDB is a focal skeletal disorder characterized by formation of structurally abnormal bone and skeletal deformities, as well as other complications that lead to bone pain and significant disability. One or more areas in a single bone (monostotic) or multiple bones (polyostotic) can be involved, with the skull, pelvis, sacrum, lumbar spine, femur, and tibia the most common sites affected. In most cases, PDB is asymptomatic, and the diagnosis initially suspected incidentally based on increased levels of bone metabolism markers, especially ALP, and then confirmed by specific findings in radiography and bone scintigraphy. For evaluation of treatment response to bisphosphonate therapy, ALP and bone scintigraphy are generally used. Although it is technically difficult to quantify local tracer uptake using conventional bone scintigraphy, quantitative bone SPECT/CT has recently emerged as an accurate and noninvasive method that may be helpful for clinicians to decide whether bisphosphonate treatment should be prolonged or abandoned in affected patients.

State-of-the-art SPECT/CT produces objective quantitative data. Using results of robust algorithms of CT-based attenuation correction, scatter correction, and resolution recovery, SPECT/CT generates imaging voxels denoted as units of radioactivity per volume (i.e., kBq/mL). This is fundamentally different from traditional nuclear imaging methods, such as planar scintigraphy, SPECT, and nonquantitative SPECT/CT, which use counts per second for their imaging units. With quantitative SPECT/CT, lesion radioactivity can be normalized for injected radioactivity, resulting in quantitative parameter values, such as percent injected dose and SUV \[[@B2], [@B3], [@B4]\]. Zeintl et al. \[[@B2]\] reported that advanced SPECT/CT technology facilitated quantitative ^99m^Tc SPECT imaging with excellent accuracy in both phantom (error \<3.6%) and patient (error \<1.1%) studies. Furthermore, Gnesin et al. \[[@B4]\] found in a phantom study that both absolute activity and the concentration of activity determined with quantitative ^99m^Tc SPECT/CT were within 10% of expected values.

Although several recently published studies have demonstrated the clinical application of quantitative SPECT/CT for evaluating treatment response in patients with bone disease \[[@B5], [@B6], [@B7]\], there are no known reports of quantitative SPECT/CT used for evaluating treatment response to bisphosphonates given to PDB patients. Beck et al. \[[@B5]\] investigated changes in SUV before and after treatment in 16 breast cancer and 3 prostate cancer patients (hormonal therapy and bisphosphonates) using skeletal quantitative SPECT/CT with ^99m^Tc-diphosphonopropanedicarboxylic acid. They reported mean SUV~peak~ and SUV~mean~ values for 52 bone metastasis sites prior to treatment of 20.4 ± 20.8 and 5.6 ± 1.9, which were decreased following treatment to 16.4 ± 11.5 (19.6% reduction) and 4.9 ± 2.2 (12.5% reduction), respectively. Umeda et al. \[[@B6]\] evaluated the usefulness of three-dimensional TBU for evaluating active bone metastatic burden in 9 prostate cancer patients who underwent Ra-223 therapy and found that the change in TBU derived from the established threshold value (SUV \>7.0) was more accurate and sensitive than the change in classic bone scan index in those cases. Furthermore, Kitajima et al. \[[@B7]\] reported a case of periosteal osteosarcoma in which SUV~max~, SUV~peak~, SUV~mean~, MBV, and TBU values shown by quantitative bone SPECT/CT were useful to evaluate treatment response to preoperative chemotherapy.

Conclusions {#sec1_4}
===========

Important indexes, including SUV~max~, SUV~peak~, SUV~mean~, MBV, and TBU, determined using quantitative bone SPECT/CT findings, are useful to evaluate the activity of bone disease such as PDB as well as treatment response. We have found that quantitative bone SPECT/CT is noninvasive and useful for accurate monitoring of the efficacy of treatment response in affected patients.
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![Case 1, 62-year-old female with Paget\'s disease of bone in the left ilium. **a** Pre-treatment unenhanced computed tomography (CT) image (bone window) showing irregular cortical thickening and swelling of the left ilium with osteosclerosis and ground-glass opacity. **b** Pre-treatment axial T1-weighted magnetic resonance (MR) image showing heterogeneous hypointensity of the lesion. **c** Pre-treatment axial T2-weigthed MR image showing heterogeneous hypointensity of the lesion. **d** Pre-treatment coronal T1-weighted MR image showing heterogeneous hypointensity of the lesion. **e** Pre-treatment whole-body bone scintigraphy showing strong accumulation of ^99m^Tc-hydroxymethylene diphosphonate (^99m^Tc-HMDP) in the left pelvic bone, and bone single photon emission computed tomography/CT (SPECT/CT) image showing strong focal ^99m^Tc-HMDP uptake in the left ilium. Post-treatment whole-body bone scintigraphy shows a decrease in focal ^99m^Tc-HMDP uptake in the left pelvic bone, and bone SPECT/CT shows a decrease in focal ^99m^Tc-HMDP uptake in the left ilium.](cro-0013-0829-g01){#F1}

![Case 2, 55-year-old female with Paget\'s disease of bone in the skull. Pre-treatment whole-body bone scintigraphy shows strong accumulation of ^99m^Tc-hydroxymethylene diphosphonate (^99m^Tc-HMDP) in the skull, and the bone single photon emission computed tomography/computed tomography (SPECT/CT) image shows focal ^99m^Tc-HMDP uptake in the skull. Post-treatment whole-body bone scintigraphy shows a decrease in focal ^99m^Tc-HMDP uptake in the skull, and the bone SPECT/CT image shows a decrease in ^99m^Tc-HMDP uptake in the skull.](cro-0013-0829-g02){#F2}
